Abstract Small intestinal epithelial cells (IEC) play a major role in the absorption of nutrients and toxins. Due to the similarity of genome-wide single copy protein orthologues between cattle and human, establishment of ruminant's primary small IEC culture could be a valuable tool for toxicity studies. Therefore, the current study focused on the development and characterization of buffalo IEC culture, as cattle slaughter is banned in India. The buffalo jejunum fragments were washed consecutively several times in saline, warm phosphate buffered saline (PBS), PBS with 5 mM dithiothreitol, digesting solution and 2% sorbitol in PBS. The cells were cultured on 17 lg/cm 2 collagen coated plates and transwell plates with serum (2% Fetal bovine serum (FBS) and 10% FBS) and serum-free culture conditions. The cells were differentiated into typical epithelial cobblestone morphology from day 5 onwards in 50% successful cultures. The cultured IEC were characterized by gene expression of epithelial cell markers, cytokeratin and vimentin, and enterocyte markers like villin, zonula occluden (ZO1), fatty acid binding protein 2 (FABP2) and small intestinal peptidase (IP). Based on the morphology and gene expression profile, 10% FBS has been recommended for culturing primary buffalo IEC on collagen coated plates for 10 days. However, 50% of the successful cultures could not show epithelial phenotype on 10% FBS culture conditions even on collagen coated plates. Interestingly, undifferentiated IEC showed an increasing expression of FABP2, IP and ZO1 transcripts compared to differentiated intestinal cells with 10% FBS on collagen plates. Therefore, future studies are needed to understand the role of FABP2, IP and ZO1 in differentiation of buffalo IEC.
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Introduction
The mammalian digestive system has been designed to be suitable for available food resources in the environment. Ruminants and humans have developed two different types of feeding habits depending on their capability. Thus, they have different digestive systems. Most part of the ruminant digestive system is similar to other mammals, except ruminant stomach. However, the small intestine of ruminants and nonruminants performs almost similar functions (Hofmann 1989) . Hence, the intestinal epithelium from ruminants can simulate the functions of other mammals, including human. Intestinal epithelium is arranged as a single layer covering the luminal side of the digestive tract, and it plays a significant role in the digestive physiology and toxicology. Maximum absorption of nutrients and chemicals takes place in small intestine. The brush border membrane of the intestinal epithelium is mainly involved in the digestion and absorption of ingested food. Therefore, enterocyte cultures are valuable in vitro models to assess the toxicity of drugs as well as the molecular mechanisms involved in pathologies caused by infectious agents affecting the intestinal epithelium integrity (Rusu et al. 2005) . Two-dimensional cell culture helps in studies on developmental biology, tissue morphogenesis, disease mechanisms, drug discovery, tissue engineering and regenerative medicine, etc. Intestinal cells can be cultured on solid surfaces, like culture plates or porous surfaces, like transwell plates. Transwell plates are more helpful to study the intestinal cellular functions, such as transport, absorption and secretion. Several investigators have established the culture method for primary intestinal epithelial cells (IEC) of several animal species, like bovine (Follmann et al. 2000; Hoey et al. 2003; Birkner et al. 2004; Rusu et al. 2005; Kaushik et al. 2008) , mouse (Autrup et al. 1978; Pretlow et al. 1978; Kondo et al. 1984; Kedinger et al. 1986; Fukamachi 1992 , Macartney et al. 2000 , rabbit (Benya et al. 1991; Hata et al. 1993; Reddy et al. 1996) , pig (Kaeffer et al. 1993; Velge et al. 1995) and humans (Gibson et al. 1989; Perreault and Beaulieu 1996; Perreault and Beaulieu 1998; Whitehead et al. 1999; Panja 2000) . On the basis of the cattle genome project, the repertoire of single protein orthologs is considered to be closer to humans than rats and mice. Hence, the primary cells from cattle can be considered as an alternative animal cell model for toxicity studies. As cattle slaughter is banned in India, cells from buffaloes, the closest species of cattle, can be considered as better cellular models for toxicity studies to avoid health hazards to working personnel. Hence, in the present work, intestinal epithelial cells from buffaloes were considered for the development of two-dimensional (2D) cell culture.
The objective of this paper is to develop and characterize a prototype of 2D cell culture for buffalo intestinal epithelial cells. To the best of our knowledge, earlier studies on differential levels of intestinal ribonucleic acid (RNA) markers between the differentiated, which attained epithelial shape, and undifferentiated, which did not attain epithelial shape, primary intestinal cells are very scanty. Towards this goal, the present paper also describes the transcriptional difference between differentiated and undifferentiated primary intestinal cells cultured in media with different concentrations of serum and serum free conditions on collagen coated cell culture dishes and transwell plates.
Materials and methods
Intestinal epithelial cell isolation
Intestinal epithelial cells were isolated using the established protocol (Rusu et al. 2005 ) with a few modifications. The jejunum part of buffalo small intestine was collected from a slaughter house (Delhi, India), and it was washed 9-10 times with saline supplemented with penicillin (100 U/ml), streptomycin (100 lg/ml) (Penicillin-Streptomycin, Gibco, Grand Island, NY, USA), gentamycin (40 mg/ml) (Sigma-Aldrich, St. Louis, MO, USA) and amphotericin B (2.5 lg/ml) (Sigma-Aldrich). Further, it was washed with warm (37°C) 1 9 phosphate buffered saline (PBS) supplemented with 2.7 mg/ml of DGlucose (Sigma-Aldrich), 4 mM L-Glutamine (Sigma-Aldrich). Later, intestinal fragments were filled with 5 mM Dithiothreitol (DTT, SigmaAldrich), their ends were closed with a thread, and were shaken in a shaker for 10 min to remove mucus. This process was repeated once again. Then, the fluid was replaced with a digesting solution of Ca ?2 and Mg ?2 containing Hank's Balanced Salt Solution (HBSS) (Gibco), supplemented with collagenase-II (0.1 mg/ml) (Sigma-Aldrich) and Dispase-II (0.1 mg/ ml) (Sigma-Aldrich), and incubated for 15 min in a shaker at 37°C. Using the same digesting solution, a second digestion step was performed for 45 min at the same conditions. Then, each fragment was longitudinally wide opened and pre-digested epithelium from the digestive mucosa was scraped by using a sterile surgical blade. The scraped material was incubated at 37°C in PBS, containing 1 mg/ml Dispase-II, for 10 min whilst doing active pipetting movements. Later, the intestinal cells were pelleted by centrifugation at 1409g for 3 min. The supernatant was discarded. The cell pellet was suspended in PBS containing 2% sorbitol (Sigma-Aldrich), and the contents were centrifuged at 1409g for 3 min. This pellet washing step was repeated for 5 times to obtain a clear cell pellet of intestinal epithelial cells without fibroblasts. The Dulbecco's Modified Eagle's Medium (DMEM) (Sigma-Aldrich) was used for suspending the pellet and cell viability was determined by trypan blue staining. Finally, the intestinal cells suspended in DMEM medium were used for culturing on collagen coated plates.
Cell culture
The intestinal epithelial cells were cultured in 24 well collagen I (17 lg/cm 2 ) (Collagen Rat tail 1, Gibco) coated plates and 6 well collagen coated transwell plates (0.4 lm) (Cat No. 3491, Corning, Corning, NY, USA) at a concentration of 6 9 10 5 and 12 9 10 5 viable cells/ml, respectively in high glucose DMEM, supplemented with 4 mM Glutamine (SigmaAldrich), 1 mg/ml BSA (Sigma-Aldrich), 500 lg/ml hydrocortisone (Sigma-Aldrich), 20 ng/ml Epidermal Growth Factor (Sigma-Aldrich), 20 nM Triidothyronine (Sigma-Aldrich), 39 Insulin Transferrin Selenium (ITS) (Sigma-Aldrich), 1% nonessential amino acids (Sigma-Aldrich), 19 Penicillin Streptomycin solution (Gibco), 2.5 lg/ml of Amphotericin B (Sigma-Aldrich), 40 mg/ml of Gentamycin (SigmaAldrich) either with Fetal bovine serum (FBS) (2 or 10%) (Sigma-Aldrich) or without FBS (serum free). The cultures were maintained at 37°C in 5% CO 2 and 95% humidity. The first medium change was done after 20 h and then the medium was changed after every 48 h till 10 days. The cells were observed after media change on the 1st day, 3rd day, 5th day, 7th day and 10th day for their viability and attachment under an inverted microscope (Nikon ECLIPSE Ti Microscope), and photography was done at 1009.
RNA isolation and complementary deoxyribonucleic acid (cDNA) synthesis
Total RNA was isolated using miRNeasy Mini kit (Qiagen GmbH, Hilden, Germany, Cat no 217004). The concentration and purity of isolated RNA samples were determined using Nanophotometer (IMPLEN Nanophotometer, Munich, Germany). The cDNA was synthesized by using Revert Aid First-Strand cDNA synthesis kit (Thermo Fisher Scientific Baltics, Vilnius, Lithuania, Cat no. K1622). The reaction mixture contained 300 ng of total RNA, 1 ll of random hexamer (0.2 lg/ll), 1 ll of oligonucleotide and nuclease free water up to 12 ll. The contents were mixed gently and incubated at 65°C for 5 min and then 2 min at room temperature. The reagents further added were 4 ll of 59 reaction buffer (250 mM TrisHCl, pH 8.3, 250 mM KCl, 20 mM MgCl 2 , 50 mM DTT), 1 ll of RNase inhibitor (20 IU), 1 ll of (deoxyNucleotide Tri Phosphate) dNTPmix (10 lM) and 2 ll of Moloney murine leukemia virus reverse transcriptase (200 IU) to make a final volume 20 ll. The contents were incubated at 25°C for 10 min, 42°C for 30 min, and 95°C for 3 min.
Quantitative real time polymerase chain reaction (qRT-PCR) for intestinal RNA markers
The mRNA expression of the intestinal RNA markers (Table 1) was quantified by relative quantification method. The PCR reaction mixture consisted of 5 ll of cDNA, 0.2 lM of forward and reverse primers, 5 ll of SsoFast TM Evagreen Ò Super Mix (Bio Rad Laboratories, Hercules, CA, USA) and nuclease free water to make the reaction volume up to 12 ll. The qPCR reactions were performed in MJ Mini BIO-RAD thermocycler by heating the contents at 95°C for 5 min (pre-incubation), followed by 40 cycles of 95°C for 10 s (denaturation), 60°C for 30 s (annealing), 72°C for 30 s (extension). Subsequently, melting curve analysis was done by incubating the reaction mixture between 65 and 95°C for 5 s. Melting peaks were analysed to ensure correct amplification and thus generation of single products. For relative quantification (Ct) of transcript within a sample, Ct value of Ribosomal Protein Lateral Stalk Subunit transcript (RPLP) was used as a normalizer to nullify any possible experimental error. Relative quantification of marker transcripts among different culture systems was performed by calculating fold change through standard 2 -(Ct) method, considering the Ct value of each transcript from fresh cells as a control.
Statistical analysis
Non parametric Kruskal-Wallis statistic test with Dunn's Multiple Comparison test was used to compare the statistical differences in fold change among different culture systems and fresh cells. P \ 0.05 and P \ 0.01 were considered as significant. On the basis of mean fold change values, a heat map was prepared by in-house scripts implemented in R software.
Results and discussion
Isolation and 2D culturing of buffalo primary intestinal cells
In vitro culturing of mammalian primary intestinal cells has been observed as a difficult task (Weng et al. 2005) . Particularly, no method is currently available for culturing buffalo primary intestinal cells. Therefore, a method has been standardized for the isolation and culturing of buffalo primary intestinal epithelial cells in this study. Particularly, the cells were cultured on collagen-coated plates and collagen-coated transwell plates for 10 days. To attain this goal, we adapted a previously established method for 2D cell culture of bovine primary small intestinal epithelial cells on collagen-coated (17 lg/cm 2 ) plates (Rusu et al. 2005) . In the present study, mucus removal was the major problem during the initial isolation steps of small intestinal epithelial cells. This problem was resolved by washing the intestinal lumen two times for 10 min at each time with 5 mM DTT in 19 PBS containing antibiotics. The 5 mM DTT was chosen as this concentration was reported to provide higher purity and increased viability than 2 mM DTT (Goodyear et al. 2014) . Simiarly, two time washing for 10 min at each time was observed better than one time washing for 20 min, as suggested for bovine intestinal cell culture (Rusu et al. 2005; Goodyear et al. 2014) (Fig. 1) . 2 ) under different conditions, like serum free medium, medium with 2% FBS and medium with 10% FBS. Similarly, the cells were cultured on collagen-coated transwell plates under serum-free and serum-containing medium (2 and 10% FBS). The serum-free medium was chosen because of the reported contradictory effects of FBS on intestinal cell proliferation in earlier studies on other species (Kedinger et al. 1987; Weng et al. 2005; Chopra et al. 2010) . For example, FBS at 2-20% concentration was found to severely inhibit intestinal epithelial cell proliferation, although FBS supported the proliferation of fibroblast and colonic adenocarcinoma cells (Fukamachi 1992) . On the contrary, overgrowth of mesenchymal cells was also found in those cultures if FBS concentration was greater than 2.5% (Evans et al. 1994; Macartney et al. 2000; Chopra et al. 2010 ). In addition, bovine epithelial intestinal primo culture used 2% FBS in earlier studies (Rusu et al. 2005) . Therefore, 2% FBS was used in the present study. Furthermore, it is well known that Caco-2 cells, a commonly used colon cancer cell line, are usually maintained on transwell plates with a medium containing 10% FBS (Lechanteur et al. 2017; Rani et al. 2017; Vashisht et al. 2017; Vij et al. 2016) . Hence, 10% FBS was also chosen in this study.
Buffalo intestinal cells showed a typical epithelial cobblestone morphology after differentiation. The cells were observed on the 1st day, 3rd day, 5th day, 7th day and 10th day after media change. After 24 h (1st day), the cells started attaching to collagen-coated plates and gave rise to various circular proliferating foci, which further attained a typical epithelial cobblestone like structure on the 5th day in the culture containing serum (Fig. 2) . The epithelial cells maintained this characteristic shape up to the 10th day in serum containing medium compared to serum free medium. Buffalo epithelial cells could not acquire an epithelial shape in serum free culture, even though the cells were able to maintain viability and expression of marker transcripts similar to fresh cells. Hence, the current study supports the use of FBS in buffalo intestinal culture without affecting the proliferation and differentiation to an extent. The appearance of epithelial morphology in the present study was similar to the morphology of the intestinal epithelial cells observed in previous studies for other species (Follmann et al. 2000; Rusu et al. 2005) . However, such a typical epithelial shape was observed in 50% of culture experiments in the present study. The remaining 50% of culture experiments failed to attain such a typical epithelial shape in spite of the maintenance of viability and the expression of intestinal epithelial transcripts in 10 days of culture (Fig. 3) . This could be due to the differences in intestine samples obtained from slaughter house. This observation further leads to an assumption of expecting the molecular differences between the epithelial cells having attained cobblestone morphology (differentiated) and those having failed to attain the cobblestone morphology (undifferentiated). Therefore, gene expression data were analysed separately for differentiated and undifferentiated intestinal epithelial cells. In the current research work, transwell plates were also used for culturing buffalo primary intestinal cells. Transwell plates simulate in vivo conditions by providing an environment for polarization of cells. Particularly, the transwell plates allow cells to take up and secrete molecules on both the basal and apical surfaces, thus enabling the cells to carry out metabolic activities in a more physiological fashion. Moreover, coated transwell plates can facilitate cell growth and differentiation at higher levels (Holtkamp et al. 1998) . Surprisingly, the buffalo intestinal cells cultured on collagen-coated transwell plates did not attain a typical epithelial shape (Fig. 4) and failed to attain a confluent monolayer. This could be due to direct usage of primary intestinal cells, which have a general property of clumping, on transwell plates without prior expansion of intestinal stem cells. A recent study reported that the monolayer of primary intestinal cells can only be obtained on tranwell plates with prior expansion of intestinal stem cells in 3D cultures, and use them later on transwell plates for obtaining a higher number of viable cells (Moon et al. 2014) .
Growing pure intestinal epithelial cells in a culture system was considered as a hard task in previous studies, which used either neonatal or adult intestinal tissues, because of the higher proliferation of fibroblasts in serum containing media (Kedinger et al. 1987) . The intestinal epithelial cell growth was almost always obtained from the cultures consisting of epithelial and non-epithelial cell populations (Quaroni and May 1980) . Hence, it was recommended that the existence of heterogeneous cell types may be essential for intestinal epithelial proliferation (Evans et al. 1992) . Since growing colonies of epithelium have been observed in the cultures of the present study, fibroblast support would have been helpful for functional differentiation of intestinal epithelial cells. It can be noted that 2% sorbitol washing was performed in this study to remove fibroblasts from the intestinal epithelial cells. However, the earlier studies indicated that the addition of fibroblasts or conditioned medium supported primary epithelial cell growth (Hague and Paraskeva 1996; Beaulieu 1996, 1998; Kaeffer 2002) . Similarly, some other studies also indicated the requirement of non-epithelial cell types to support growth and viability of primary epithelial cells (Evans et al. 1992; Booth et al. 1994; Macartney et al. 2000) . In addition, a few studies showed that extracellular matrix and mesenchymal cells are required to maintain differentiation of the intestinal epithelium (Sanderson et al. 1996) . Therefore, serum and fibroblast support might be needed for better differentiation of primary buffalo intestinal epithelial cells for culturing on collagen coated plates.
Characterization of intestinal epithelial cells by RNA markers
The cultured buffalo intestinal cells were characterized by a total of six transcripts, two of them (cytokeratin and vimentin) are general epithelial cell markers in general, and the remaining four of them (villin, ZO1, FABP2 and IP2) particularly pertain to the intestinal epithelial cells. As 50% of the successful culture experiments showed differentiation of the cultured cells into a typical epithelial shape and the remaining 50% of the successful cultures did not show such a typical epithelial shape, the cells in these culture systems were considered as good models to study the transcriptional differences between the differentiated and undifferentiated buffalo primary intestinal cells. Therefore, these culture systems resulting into differentiated and undifferentiated intestinal cells were considered as separted groups for transcript analyses. Taken together, the groups were FS: Fresh cells used for the experiments that showed typical epithelial morphology (eTEM); SFS: serum free culture of eTEM; S2% FBS-2% FBS used in eTEM; S10%FBS-10% FBS used in eTEM; FNSfresh cells used for the experiments which did not show typical epithelial morphology (euTEM); SFNS: Serum free culture of euTEM; NS2%FBS: 2% FBS used in euTEM; NS10%FBS: 10% FBS euTEM; NSTW2%FBS: 2% FBS used euTEM on transwell plates; NSTW10%FBS: 10% FBS used in euTEM on transwell plates; NSTWSF-Serum free culture of euTEM on transwell plates. Gene expression studies of general epithelial markers revealed that 2% FBS in the medium promoted the upregulation of cytokeratin and vimentin in differentiated primary buffalo intestinal epithelial cells. Specifically, the expression of these genes was significantly (P \ 0.05) higher in S2%FBS than SFNS (Fig. 5a, b) . However, their cellular expression in the remaining culture systems did not differ significantly from fresh cells, indicating the culture systems in the current study could maintain the epithelial markers similar to fresh isolated cells. Significantly increased expression of vimentin, a specific marker of fibroblast, in S2%FBS might indicate that 2% FBS might be promoting the growth of fibroblasts along with intestinal epithelial cells (Macartney et al. 2000; Rusu et al. 2005 ). Cytokeratin is a part of epithelial cell cytoskeletal complex required for epithelial cell differentiation. Hence, presence of cytokeratin determined the purity of epithelial cell culture (Chandrakasan et al. 1990; Schlage et al. 1998; Kaushik et al. 2008) . The increased expression of cytokeratin confirms that the cells in these culture systems were of epithelial type (Sun et al. 1979; Weng et al. 2005) . Thus, we concluded that the cells in the culture systems were primarily of epithelial in nature, as most of the fibroblast cells might have removed during sorbitol wash.
Among the four intestinal specific genes analysed in this study, the ZO1 gene encodes a tight junction protein. In general, its expression confirms the epithelial nature of culture (Weng et al. 2005) . In the present study, its expression was statistically (P \ 0.05) higher at NS10%FBS than SFS, but there was no difference among other groups. However, an increasing trend of its expression in undifferentiated cells either with 2 or 10% FBS indicated that there could be a higher expression of truncated ZO1 rather than intact ZO1 in undifferentiated rounded buffalo primary intestinal epithelial cells. It was reported that an increased expression of truncated ZO1 lead to the transition of epithelial cells from cobblestone morphology to rounded and slightly elongated shape in corneal epithelial cells (Ryeom et al. 2000) . Further studies are needed to confirm the expression of the truncated ZO1 in undifferentiated rounded buffalo primary intestinal epithelial cells in the culture system. It is well known that villin is a cytoskeletal protein of enterocytes associated with morphology and motility of epithelial cells as well as actin bundling in microvilli (Arpin et al. 1988; Friederich et al. 1989; Pringault et al. 1991; Tomar et al. 2004 Tomar et al. , 2006 Athman et al. 2005) . Lower expression of this enterocyte marker was observed in ulcerative cholitis and Crohn's disease (Kersting et al. 2004 ). Further, it was found to play a role in antiapotosis and homeostasis of intestinal epithelial cells through the activation of PI3Kinase/Akt pathway (Wang et al. 2008 ). In the current study, the expression of this enterocyte marker was more or less similar in all culture sytems and fresh cells, except in serum free cultures. Particularly, there was a significant difference between SFS and SFNS (Fig. 5d) . The lower expression of villin in SFNS depicted a probable higher apoptosis in undifferentiated buffalo primary intestinal epithelial cell culture under serm free conditions. Further mechanistic studies are required to prove the antiapototic role of villin in buffalo intestinal cells.
The expression of small intestinal peptidase (IP), a jejunocyte marker, was not significantly different among all the culture systems, except among SFNS, 2%FBS and NS2%FBS. Its expression was significantly higher in SFNS than 2%FBS and NS2%FBS (Fig. 5e ). This indicates that the cells in SFNS might have stimulated the general amino acid control (GACC) pathway and upregulation of the amino acid transporters for balancing the autophagy during serum starvation (Chen et al. 2014) . As IP is an essential protein for the function of neutral amino acid transporters (Fairweather et al. 2012) , its expression might have been enhanced in the buffalo intestinal cells cultured in SFNS.
Like other intestinal cell specific markers, the expression of FABP2, another jejunocyte marker (Sacchettini et al. 1990 ) was not significantly different among different culture systems, except between NS10%FBS and NSTW10%FBS (Fig. 5f ). This observation indicated that the cultured buffalo intestinal cells could maintain the fatty acid metabolism similar to the fresh cells. The higher expression of FABP2 in NS10%FBS could be a cause of reduced growth and undifferentiation inspite of the presence of serum. The FABP2 is an intracellular fatty acid binding protein involved in cellular uptake, transport and intracellular metabolism of long chain fatty acids in enterocytes (Gomez et al. 2007; Kishida et al. 2009 ). The upregulation of FABP2 was found to reduce the growth and proliferation of enterocytes due to its competetion with FABP1 for binding to linoelic acid, a component of culture media (Darimont et al. 2000) .
In order to obtain a broad picture of the selected intestinal transcripts, mean fold change of their expression in different culture methods relative to fresh cells is depicted on a heat map (Fig. 5g) . The intensity of the colour from red to green in heat map indicates fold change from decreasing trend (red) to increasing trend (green) compared to the fresh cells. It appears that the cells cultured in 10% FBS showed a similar or higher expression of transcript markers than the fresh cells. Therefore, 10% FBS might be better to culture buffalo intestinal cells to obtain in vivo molecular phenotype on collagen coated plates. However, the cells in 50% of the culture systems containing 10% FBS media did not show the epithelial phenotype. Nevertheless, these undifferentiated cells maintained a transcript profile on par with the differentiated cells cultured with 10% FBS in the remaining 50% culture systems. Interestingly, undifferentiated cultured intestinal epithelial cells in 10% FBS media showed an increasing trend of higher expression (green colour) of FABP2, ZO1 and IP genes, indicating a clue for the role of these genes during differentiation. Such functional role needs to be validated for buffalo intestinal cells in future studies.
Conclusion
The intestinal epithelial cells showed typical epithelial morphology on day 5 of the 10 days culture system on collagen coated plates. However, this differential epithelial shape was observed in only 50% of the successful cultures. As the current study used primary intestinal cells for cell culturing, the intestinal cells did not differentiate into epithelial cells on transwell plates. In all the culture systems used, 10% FBS maintained all the selected intestinal transcript markers at higher levels than for the fresh intestinal cells. Hence, 10% FBS rather than 2% FBS is better for the buffalo intestinal cell culture on collagen coated plates. The undifferentiated intestinal epithelial cells showed an increasing trend of gene expression for FABP2, IP and ZO1 genes in comparison to the differentiated epithelial cells. Further functional role of these genes in the differentiation of primary buffalo intestinal epithelial cells needs to be studied. Overall, high glucose DMEM with 10% FBS has been recommended for two dimensional culturing of buffalo primary intestinal cells on collagen coated plates for 10 days.
